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wo 01/07092 PCT/USOO/20396 

1 

SELF-CONTAINED STERILANT MONITORING ASSEMBLY ^ 

■ •' I 
f^^^f^ nf the^ Invention 

The present invention relates generally to a 
system for monitoring levels of a sterilant during a 

sterilization process, and more particularly to a self- 

I H 

contained monitoring. assembly configured to monitor hydrogen 
peroxide {HjOj) vapor levels during sterilization of articles 
such as packages, vessels, machines or the like. 

p^r^l^rrr-r^imd of the Invention ' . 

Aseptic processing of consumable goods, such as 
nutritional compounds and food products, is typically 
effected by separate sterilization of the contents and the 
containers within which the contents are packaged. 
Subsequent to separate sterilisation, the contents are 
placed in the containers and sealed' in a sterile environment, 
for shipment, storage and use. 

Sterilization of such containers prior to 
contacting the desired sterilized contents can be performed 
efficiently by use of a sterilant such as hydrogen peroxide 
(H2O2) vapor. In such a process, the containers are 
introduced into a sterilization apparatus in which the 
containers are flushed with hydrogen peroxide vapor. The 
containers are subsequently flushed with warm air or any 
other fluid suitable to achieve desirably low levels of 
residual hydrogen peroxide. This general procedure is 
highly effective in achieving sterilization of the 
containers, and likewise can be performed on any other 
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suitable articles that will come into contact, with the 
desired compound. • 

Notwithstanding the effectiveness of hydrogen 
peroxide (H2O2) sterilization, accurate monitoring of HjOj 
vapor concentration levels can be problematic. This is due 
in part to the physical , arid chemical property changes of 
hydrogen peroxide vapor under processing conditions, and 
further due to decomposition upon contact with surfaces of 
various materials within the processing area. As such, 
undesired deviation of hydrogen peroxide vapor 
concentration, and excessive decomposition, can result in 
. loss of sterility of the containers and surrounding aseptic 
processing area. By contrast, hydrogen peroxide vapor is 
corrosive in nature, and thus excessive concentration levels 
can result in detrimental effects to the. surrounding , 
equipment and surfaces. Furthermore, and in accordance with 
government standards, low residual sterilant levels must be 
maintained for subsequent use of the sterilized containers . 

Heretofore, hydrogen peroxide vapor detection 
systems have- been undesirably bulky, as exemplified by 
conventional near infrared. (NIR) analysis apparatus. 
Additionally, known off-line testing is typically too slow 
to monitor sterilant levels with sufficient accuracy. 
Previous arrangements have not provided "real time" 
monitoring throughout an aseptic processing cycle, and 
particularly have not been capable of monitoring hydrogen 
peroxide vapor concentrations within a container or like 
article as it is sterilized. 

The present sterilant monitoring system, and the 
self-contained assembly thereof, overcomes these 
deficiencies in the prior art by providing a highly 
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.accurate, cost effective arrangement; for providing real-time 
monitoring of a sterilant, such as hydrogen peroxide vapor, 
and is configured to facilitate monitoring of the sterilant 1 1 
levels throughout the processing cycle of a sterilization . 
apparatus . . 

SUMMARY OF THF. INVPINTTOM 

The purpose and advantages of the present 
invention will be set forth in .and apparent from the 
description that follows, as well as will be learned by 
.practice of the invention. Additional advantages of the 
invention will be realized and attained by the methods and 
systems particularly pointed out in the written description 
and claims hereof, as well as from the appended drawings. 

To achieve these and other advantages and in 
accordance with the purpose of the invention, as embodied 
and broadly described, the invention includes a sterilant 
■ monitoring system particularly suited for monitoring 
concentrations of a sterilant, such as hydrogen peroxide 
(H2O2) vapor, as used by a sterilization apparatus. The 
system includes a self-contained monitoring assembly that. " 
can be readily positioned proximate the sterilization 
apparatus. It is particularly contemplated that the 
monitoring assembly be positioned within a carrier element 
configured as one of the articles to be sterilized by the- 
sterilization apparatus. In this manner, the sensor 
structure can be moved through the sterilization apparatus 
so as to monitor sterilant concentration levels throughout a 
processing cycle. 

In accordance with the illustrated embodiment, the 
present sterilant monitoring system is particularly 
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configured for a sterilization apparatus using a sterilant 
such as hydrogen peroxide vapor. Further in accordance with 
the invention, and. as embodied herein, the system uses a i 
sterilant monitoring assembly for data collection purposes. . 
The sterilant monitoring assembly includes a sterilant 
sensor configured to provide .output signals corresponding to 
detected levels of the sterilant. The sterilant sensor 
preferably includes a gas-detecting semi-conductor element, 
and a heating element operatively associated therewith to 
elevate the temperature of ithe gas -detecting semi-conductor 
element to ah appropriate operating temperature. A data 
collection circuit is operatively coupled to the sterilant 
sensor to receive the output signals from the sensor as 
collected data, with the assembly including a power source 
to provide electrical power to the sensor and the data T 
collection circuit as needed. In the preferred form, a 
temperature sensor also is operatively connected to the data 
collection circuit to provide output signals corresponding 
to the ambient temperature proximate the sterilant sensor 
for collection in combination with the output signals from 
the sterilant sensor. In this manner, the temperature data 
may be used as a reference to correlate more accurately the 
sensor output signals with corresponding H2O2 vapor 
concentration levels. 

The sterilant monitoring assembly of the present 
invention is configured as a self-contained, portable unit. 
That is, the sterilant sensor, data collection circuit, and 
power source, as well as the preferred temperature sensor, 
are self-contained on a portable structure so as to be 
freely positionable proximate the sterilization apparatus to 
monitor levels of sterilant thereat. In a preferred form. 
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■the portable structure is mounted on' a carrier element 
configured as an article to be sterilized by the 
sterilization apparatus, such as a container or like 
article . ■ 

In accordance with the invention, collected data 
can be processed by configuring the monitoring system as a 
whole, and the data collection circuit particularly, in any 
of a variety of different arrangements. In one arrangement 
of the invention, the data collection circuit includes an 
electronic memory to create a readable memory of the data 
collected during a selected time interyal . The assembly of 
this arrangement may include a signal connector, such as 
data port or a transmitter, to allow transfer of signals 
representative of the collected data from the electronic 
memory to a remote communication, unit that is joined in 
communication with the signal connector. In this manner, 
the collected data can be transferred or downloaded to a 
processor, which forms, a part of the sterilant monitpring 
system as a whole. Once downloaded, the collected data can 
thereafter be stored, graphically displayed in various 
forms, or otherwise analyzed and processed to identify and 
monitor the detected sterilant concentration levels. 

Alternatively, or additionally, the monitoring 
assembly may be configured to transmit remotely the 
collected data simultaneous with collection to a remote 
communication unit positioned exteriorly of the 
sterilization apparatus. In this configuration, the data 
collection circuit of the monitoring assembly preferably 
includes a transmitter to transmit signals representative of 
the collected data to a remote communication unit. Radio 
frequency or near infrared transmission are presently 
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preferred for such remote transmission. If desired, an 
electronic memory and physical signal cqnnector also may be 
provided in combination with the transmitter for back-up 
purposes. 

As will be appreciated, sterilization processing 

typically entails the passage, of articles through a 

r . . • . ■ 

sterilization apparatus, with attendant variations in 

temperature and sterilant concentrations during the process. 

It is desirable to collect- data correspo.nding to selected 

intervals or conditions during the processing cycle. The 

present monitoring assembly therefore may also include a 

circuit to select certain conditions, such as time or 

temperature, for data collection, and a signal connector or 

a control device to allow entry of such selected conditions . 

In order to effect data collection in a manner , 
that' accurately corresponds to the processing conditions to 
which articles are subjected by the sterilization apparatus, 
the present monitoring system preferably includes a carrier 
element for mounting the self-contained portable structure 
of the monitoring assembly thereon. Preferably, the carrier 
element is configured as an article similar to that to be 
sterilized by the apparatus. In the illustrated embodiment, 
this carrier element is configured as a container . having a 
shape and dimensions essentially the same as containers 
normally sterilized in the apparatus. Notably, the carrier 
element is configured such that the portable structure can 
be positioned inside the carrier element, thus providing 
data collection corresponding to conditions within a 
container during the sterilization process. 

Other features and advantages of the present 
invention will become readily apparent from the following 



wo 01/07092 PCTAJSOO/20396 

7 

. detailed description, the accompanying drawings, and the 
appended claims. 

The accompanying drawings, which are incorporated * 
in and constitute part of this specification, are included 
to illustrate and provide a further understanding "of the 
method and system of the invention. Together with the 
description, the drawings serve to explain the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is. a diagrammatic view of a sterilization 
apparatus of a type for which the present sterilant 
monitoring system is suited; 

FIG. 2 is a diagrammatic cross-sectional side view 
of a representative embodiment of the sterilant monitoring 
assembly of the present invention; 

FIG. 3 is a diagrammatic, top plan view of the 
' sterilant monitoring assembly shown in FIG. 2; 

FIG. 4 is a diagrammatic side view of the present 
monitoring system, including the monitoring assembly of the 
system, and an associated remote communication unit to which 
data collected by the sensor structure is transmitted; 

FIG. 5 is a partially fragmented side view 
illustrating the sterilant monitoring assembly of the 
present system in operative association with a carrier 
element configured as an article to be sterilized by the 
sterilization apparatus. 

FIG. 6 is a schematic side view depicting the 
various stages of the processing cycle of the sterilization 
apparatus and the corresponding output signals collected by 
the sterilant monitoring assembly of the present invention. 
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DKTATLED DESCRIPTION OF THE PR EFERRED EMBODIMENT 

Reference will now be made in detail to the i 
present preferred embodiments of the invention, an example . 
of which is illustrated in the accompanying drawings.- The 
method and corresponding steps of the invention will be 
described in conjunction with the detailed description of 
the system and assembly. 

While the present invention is susceptible of 
embodiment in various forms i, there is shown in the drawings 
and will hereinafter, be described presently preferred . 
embodiments, with the understanding that the present 
disclosure is to be considered as an exemplification of the 
invention, and is not intended to limit the invention to the 
specific embodiments illustrated. , 
FIG. i diagrammatically illustrates a 

I 

sterilization apparatus 10 of. the type used for effecting 
sterilization of containers C, such as packages, vessels or 
like articles- This representative sterilization apparatus 
typically effects sterilization of the containers C by 
exposing portions of the interior and exterior of each 
container to a sterilant, such as hydrogen peroxide {HjOa) 
vapor. The containers C are processed in this fashion for 
subsequent filling with sterile contents, thus completing 
aseptic processing and packaging of the contents. The 
contents may include any of a variety of consumable products 
including, but not limited to, nutritional and therapeutic 
compounds, as well as food products or beverages. 

The sterilization apparatus 10 includes an 
enclosure 12 within which an article conveyor 14 operates 
for movement of containers C or other like articles to be 
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sterilized along a conveyor path through the apparatus. The 

I 

containers C are typically introduced iji to the apparatus at 
a product infeed station, generally designated by reference 
character 16. The containers C are then received by the 
conveyor 14 for movement through the apparatus 10, and 
subsequently discharged after sterilization at container 
discharge 18. As the containers C ^re moved through " the 
apparatus 10, both the interior and exterior of each 
container C is subjected to sterilizing contact with an 
appropriate sterilant. A variety of know sterilants are 
available, such as ethylene oxide, although hydrogen . 
peroxide vapor is preferred. In the representative 
embodiment of the sterilization apparatus, the exterior of 
each container is fogged with the sterilant at an 
appropriate station 13 along the- conveyor path. The . 
apparatus 10 also includes suitable probe- like elements at a 
subsequent station 15 for introducing a hydrogen peroxide 
vapor fog into the interior of each container C. The 
sterilization apparatus also may include pre-warming and. 
drying stations along the conveyor path as needed for 

efficient sterilization and effective removal of any 

sterilant residue prior to filling the containers C with the 
desired contents. Such sterilization apparatus are known 
and available from a variety of sources, such as Robert 
Bosch GmbH. ' 

As previously noted, it is desirable to monitor 
sterilant levels within the sterilization apparatus 10. 
Often, however, and particularly when H2O2 vapor is used as 
the sterilant, monitoring can be difficult. For example, 
hydrogen peroxide vapor is subject to decomposition and 
oxidation, and thus can be difficult to monitor accurately 
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due to its unstable and corrosive nature. While it is 
desirable to monitor the various station,s within the 
apparatus 10/ the hydrogen peroxide vapor itself is a very i 
strong oxidizing agent, and thus excessive levels of 
hydrogen peroxide vapor within the sterilization apparatus 

10 complicate maintenance and, operation of certain 

r • , ' 

permanently mounted sensors. Furthermore, it can be ' 

particularly desirable to monitor sterilant levels actually 
within the containers. C being moved throjugh the apparatus 10 
for greater accuracy. Heretofore, however, such precise 
monitoring has not been possible. 

In accordance with the present invention, a 
sterilant monitoring system is provided for the 
sterilization apparatus, with the monitoring system 
particularly suited for monitoring concentrations of , 
hydrogen peroxiiie vapor within the apparatus. The present 
monitoring system, which is generally designated by 
reference character 100 as shown in FIG. 4, includes a 
sterilant monitoring assembly 120. In accordance with, the 
invention, t'he monitoring assembly 120 is self-contained on 
a portable structure for disposition within .the 
sterilization apparatus 10. As will be further described, 
the sterilant monitoring assembly 120 is configured to 
collect data from within the sterilization apparatus 10, and 
to permit analysis of the collected data either by an on- 
board processor chip or by its transfer to a remote 
processor 150, which forms part of the sterilant monitoring 
system 100 as a whole. The present monitoring system 100 
therefore further includes a remote communication unit 14 0, 
preferably positioned exteriorly of the sterilization 
apparatus 10 to receive and communicate signals to the 
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processor 150. The remote communication unit 140 is 
configured to receive data from the sterilant monitoring 
assembly 120 by a signal connector; either by a physical 
connection; such as a data port 134 or by a wireless 
transmitter .136, such as by radio frequency or near infrared 
transmission. ; . 

Notably, the monitoring assembly 120 is sized and 

! H 

configured to be positioned proximate the sterilization 
apparatus 10, such as within a "desired cl;iamber or cavity of 
the sterilization apparatus 10. Preferably, however, the 
sterilant monitoring assembly 120 is configured to be 
positioned on a carrier element 160. having a shape and size 
similar to that of an article to be sterilized ( e.g. . a 
bottle or container) . The sterilant monitoring assembly is 
thus optimally, positioned to monitor sterilant 
concentrations within the sterilization apparatus 10 
throughout a sterilization cycle. 

The sterilant monitoring assembly 12 0 includes a 
portable structure 122, which may be in the form of a base 
member, or, more preferably, as an outer housing capable of 
self -containing the various components of the sterilant 
monitoring assembly 120. Preferably, the external housing 
122 is constructed of suitable corrosion- resistant material 
so as to withstand the effects of repeated exposure to 
hydrogen peroxide vapor. Examples of such corrosion- 
resistant material include stainless steel and certain 
plastic or synthetic materials, although Teflon is 
preferred. Depending upon the material selected, the 
portable structure 122 can be electrically conductive, such 
that the portable structure 122 may be employed as an 
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electrical contact for transmission of collected data via a 
hard-wire connection as will be described. 

In accordance with, the present invention, the i 
sterilaht monitoring assembly includes a sterilant sensor to 
provide output signals corresponding to detected levels of 
the sterilant. As embodied' herein, and as shown in 
FIGS. 2-4 the sensor 124 includes a commercially avail'able 
gas-detecting sensor, preferably of the type which employs a 
semi-conciuctor sensing element 125. This sensing element 
125 generally includes a metal dioxide (such as tin 
dioxide) , which is sintered to form a film on the surface of 
an associated ceramic tube (such as alumina ceramic) . A 
heating element, such as a resistance heating coil, is 
positioned within the ceramic tube to elevate the 
temperature of the gas-detecting semi-conductor element up 
to about 4 0p°C. When the sensing element 125 is exposed to 
sterilant H2O2 vapor, the metal dioxide surface absorbs the 
vapor molecules and causes oxidation. In this manner, it 
has been found that electrical resistance is reduced and, 
thus, the output signal generated by the sensor 124 
increases proportionally with increasing vapor concentration 
level. In an illustrative preferred embodiment of the 
present sterilant monitoring assembly for use with hydrogen 
peroxide vapor sterilant, a Model 816 sensor from FIGARO 
U.S.A., Inc., of Glenview, Illinois, is employed as the 
sterilant sensor to detect HjOj vapor concentration levels. 
Alternative sensor configurations capable of performing the 
similar function as described likewise may be used if 
desired and suitable. 

In accordance with an additional aspect of the 
invention, it is desirable for the sterilant monitoring 
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assembly 12 0 t;o include a temperature sensor 126, such as a 
thermistor or the like, to provide outpyt signals 
corresponding to the. ambient temperature proximate the 
sterilant sensor 124 . A variety of conventional temperature 
sensors are known and may be adapted for use with the 
monitoring assembly of .the present invention. The 
illustrative sterilant monitoring assembly embodied herein, 
for example, includes an FRB Pressure Micrdpack available 
from DATATRACE, Inc. of Lakewood, Colorac^o, which has been 
modified to accommodate the FIGARO Model 816 sensor in place 
of a conventional pressure sensor. Because sterilant 
concentration levels are affected by the ambient 
temperature, the output signals from the temperature sensor 
126, if provided, are used to correlate more accurately the 
output signals, from the sterilant sensor 124 with the. proper 
corresponding sterilant concentration levels. This function 
can be performed either by an on-board processor chip, if 
'provided, or by the processor 150 of the sterilant 
monitoring system 100, as will be described. If desired, 
pressure, relative humidity or other parameter sensors may 
be provided in addition to or in place of the tsmp^rature 
sensor 126 to obtain corresponding data respectively. 

Further in accordance with the invention, a data 
collection circuit 13 0 is operatively coupled to the 
sterilant sensor 124 to receive the output signals from the 
sterilant sensor 124 as collected data. FIG. 2 shows that 
the data collection circuit 130 also is operatively coupled 
to receive output signals from any additional sensors that 
are provided, such as the temperature sensor 126 to provide 
signals corresponding to ambient temperature proximate the 
sterilant sensor 124. The data collection circuit 130 may 
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. be provided as, a conventional hard wire assembly or, as in 
the preferred embodiment, be configured ,to include a chip or 
printed circuit in a known manner for reduced size and 
increased capacity. As described further below, the data ' 
collection circuit may include a memory chip to store 
entered data, a central. processing unit (CPU) configured to 
control select functions, as well' as i programmable solid 
state relays for operation of the sterilant monitoring 
assembly. . . 

As previously noted, the sterilant monitoring, 
assembly i20 of the present invention is self-contained on a 
portable structure. The sterilant monitoring system 
therefore includes a power source 128 for the various 
electrically driven components, such as the sterilant sensor 
124, the temperature sensor 126, the data collection circuit 
130 and any additional components provided as. needed. Any 
of a variety of known power sources may be used depending on 
its desired characteristics, such as size, weight, and 
capacity. In^ the preferred embodiment herein, a 
conventional* DC lithium battery is provided. Additionally, 
the power source 128 will include a converter and/or • . 
transformer if necessary to provide the appropriate power to 
each of the various components of the sterilant monitoring 
assembly 120. For example, the illustrative embodiment 
disclosed herein includes a DC/DC converter 128' to covert a 
9 volt supply into the appropriate voltage requirements for 
the components of the assembly 120. A light-emitting diode 
(LED) indicator 127 is provided to indicate activation of 
the power source 128. The power source 128, and associated 
components, are provided in the portable structure and, 
therefore, should be of suitable size. 
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An additional aspect of thei invention involves the 
transmission of the collected data from the various sensors 
of the steri'lant monitoring assembly 120 to the processor 
150 of the sterilant monitoring system 100, FIG. 4 
diagrammatical ly illustrates the components of the present 
sterilant monitoring system which cooperate with the 
steijilant monitoring assembly 120 t6 transfer and process 
the collected data. .The sterilant monitoring system 
includes a remote communication unit 14 0 'which can be 
operatively coupled in any of a variety of configurations 
with the sterilant monitoring assembly 120 and further is in 
operative communication with the processor 150. Data 
transfer may be performed via a physical connection between 
the sterilant monitoring assembly 120 and the remote 
communication unit 140, or via a transmitter for wireless 
transmission, or both as shown in FIG. 4. 

To perform data transfer via a physical 
connection, the data collection circuit 130 of the sterilant 
monitoring assembly 120 preferably includes an electronic 
memory 132," such as a suitable chip or a circuit, to create 
a readable memory of the collected data* "during a selected 
time interval. For example, a suitable electronic memory 
132 for the illustrative assembly embodied herein is 
incorporated using an FRB Pressure Micropack having an 
increased memory capacity from DATATRACE, Inc., as modified 
to accommodate the FIGARO sensor. 

Once data collection is complete, transfer of the 
collected data that is stored in the electronic memory 132 
can be performed. This is accomplished by providing the 
sterilant monitoring assembly 120 of this embodiment with a 
signal connector, such as a data port 134 for physical 
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connection with a data port 145 on the remote communication 

t 

unit 140, to permit transfer of signals ' representative of 
the collected data from the' electronic memory 132. Use of ' 
this system configuration thereby allows transfer of the 
collected data via a physical connection to the remote 
communication unit 140.* If 'desired, the collected data from 
the electronic memory 132 can be transmitted remotely via a 
transmitter 136 to the remote communication unit 14 0 as • 
described further below. ' , 

Alternatively, or' in addition to the delayed 
transfer of collected data using a physical connector; such 
. transfer can be effected simultaneously with data collection 
by including a transmitter 13 6 as the signal connector. The 
transmitter 13 6 transmits signals representative of the 
collected data via a wireless connection, such as by radio 
frequency or near infrared, to a receiving element 147 of 
the remote communication unit 14 0 during the selected 
interval of operation. It thus can be appreciated that the 
sterilant monitoring assembly 120 and remote communication 
unit 14 0 can be configured to provide "real time" transfer 
of collected data, thereby providing output signals 
representative of sterilant levels within sterilization 
apparatus 10 during an actual sterilization cycle. In this 
manner the electronic memory 132 is not necessary, although 
may still be provided if desired. 

The interval for data collection can be selected 
simply by activating a power switch 129 connected to the 
power source 128, or through more sophisticated means. For 
example, the data collection circuit can be configured to 
collect data during selected conditions. Such selected 
conditions may include start time and stop time, or detected 
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temperature or pressure conditions ati^ which to activate or 

deactivate data collection. In this manner, a signal 

connector, such as a' physical data port 135 or a receiver 

137, is provided on the monitoring assembly 120 to receive 

signals from a corresponding data port 144 or transmitter 

146 on the remote communication unit 140 to preprogram the 

selected conditions into the data ccpllection circuit 130. 
i »t 

Alternatively, . it is, possible for the power source to be 
programmed, such as by using programable , relays or the CPU 
132, to activate the sterilant- sensor 124 at a certain time 
prior to data collection or in accordance with a preselected 
schedule. 

Remote real time operations of the monitoring 
assembly 120 also can be accomplished, preferably by 
providing a near infrared or radio frequency control signal 
receiver or the like on the sterilant monitoring assembly 
120 as part of the data collection circuit 130. In 
accordance with this aspect of the invention, and as, 
embodied herein, a near infrared control system 138 and a 
programmable solid state relay circuit group 13 9 are 
provided for remote power activation of the monitoring 
assembly 120. A variety of such control systems and relay 
configurations are available. The presently preferred 
embodiment includes a NIKON ML- 3 Modulite Remote Control Set 
F5/N90 from B&H Photo-Video of New York as modified 
appropriately in a conventional manner for operation of the 
sterilant monitoring assembly. For example, two transistor- 
transistor logic (TTL) compatible relays and a multicontact 
relay, each available from Philips ECG Products of 
Greeneville, TN, can be used to modify this control set. A 
normally opened relay (RLYF71A05) is provided to activate a 
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multicontact miniature relay {RLY514q) for heating circuit 
power activation to latch the heating circuit, while a 
normally closed relay (RLYF71B05) is used to turn off the ♦ 
heating power and break the latch. Because the heating 
circuit is nearly 200 mA, it is beneficial to use a relay 
group and optocouplers to isolate the signals . 
Additionally, it is preferred that the heating circuit: 
resistance remain constant; therefore, a mechanical contact 
is preferred, • • ^ 

By virtue of its self-contained, portable nature, 
the sterilant monitoring assembly 120 is freely positionable 
proximate the sterilization apparatus 10 to monitor levels 
of hydrogen peroxide vapor, or any other sterilant for which 
the sterilant sensor 124 is suited. If the collected data 
is to be recorded in the , memory 132 of the monitoring i 
assembly 120, and thereafter downloaded or transferred, the 
monitoring assembly can be positioned as desired within the 
sterilization apparatus 10, and subsequently removed for 
downloading of collected data. Alternatively, and if . 
provided with the transmitter 13 6 to transmit collected data 
to the remote communication unit 140, the monitoring 
assembly 120 can be positioned proximate the sterilization 
apparatus 10, with transmission of collected data . occurring 
subsequent to collection, or on a real-time basis. In this 
"manner, the monitoring assembly 120 can be used to collect 
data related to sterilant concentration levels at select 
locations in or around the sterilization apparatus, or as a 
portable device to sample randomly and search for sterilant 
leaks if desired. 

With reference to FIG. 5, a particularly preferred 
aspect of the present monitoring system is illustrated, 
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wherein the monitoring assembly 120 iis^ positioned in 
operative association with a carrier element 160 configured 
similar to an article ( e.g. . a container) to be sterilized 
by the. apparatus 10. The monitoring assembly 120 is 
positionable on the carrier element 160 and, preferably, 
within the carrier element 160, to facilitate monitoring of 
sterilant levels at various stations i of the sterilization 
apparatus 10. FIG. 5^ illustrates the carrier element 160 - 
including a fragmented .portion illustrate^ in cutaway. 
While the carrier element 160 is shown in this form for 
purposes of illustration, it will be appreciated that . the 
carrier element 160 may be provided with at least one 
removable portion, such as a removable side wall or 
removable bottom wall, to facilitate disposition and 
mounting of the sterilant monitoring assembly 120 within, the' 
carrier element 160. Because disposition of the portable 
sensor structure on the carrier element during sterilization 
by the sterilization apparatus 10 facilitates monitoring of 
the sterilization cycle to which the containers C are 
subjected, container C embodied herein is preferably 
configured to represent an actual container in al-1 aspects 
to simulate real processing conditions. 

Use of the present monitoring system will be 
apparent from the foregoing description, and is further 
illustrated by FIG. 6. The self-contained, portable 
sterilant monitoring assembly 120 is prepared for data 
collection, including selection of any conditions, such as 
time or temperature, that are required or desired for 
activation of the sensors and, if provided, the electronic 
memory and programable relays. The monitoring assembly 120 
is positioned proximate the sterilization apparatus 10 to 



wo 01/07092 PCTAJSOO/20396 

20 * 

collect data representative of the sterilant levels thereat. 
While the monitoring assembly 120 may be. simply positioned 
near or within the sterilization apparatus 10, it is i 
particularly contemplated that the monitoring assembly 120 
be moved along the conveyor path of the sterilization 
apparatus 10 by being placed* first in the carrier element 
160, and then loaded on the conveyor ipath defined by article 
conveyor 14 as shown schematically in FIG. 6. 

The sterilant monitoring assembly 120 collects 
data representative of sterilant concentrations at each, 
station of the sterilization apparatus 10. If the collected 
data is to be downloaded or transferred subsequent to 
removal of the monitoring assembly 120 from within the 
apparatus 10, the monitoring assembly 120 is provided with 
the readable electronic memory 132 from which collected data 
can be subsequently transferred to the remote communication 
unit 14 0 via signal connector . 134 , 136. Thus, use in this 
fashion contemplates that the monitoring assembly 120 is 
removed from within the sterilization apparatus 10 for. 
transfer of the collected data. Transferred data includes 
not only output signals from the gas-detecting sensor 124, 
but also can include output signals collected from the 
temperature sensor 126 as shown in FIG. 6, or any other 
sensor that may be provided. The position of the structure 
within the apparatus 10 therefore can be traced by 
identifying the associated time and temperature. 
Alternatively, a separate timer or position tracer may be 
provided within monitoring assembly 120 if desired. 

In the preferred embodiment, however, collected 
data is to be transferred from the monitoring assembly 120 
without requiring removal of the monitoring assembly 120 
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from" within the sterilization apparatus 10. The monitorijig 
assembly 120 therefore is provided with, a transmitter 136 to 
transmit signals representative of the collected data from • 
the' daita collection circuit to the receiving element 147 of 
the remote communication unit 140. While the present 
monitoring system is particularly suited for detecting and 
monitoring sterilant levels within t^he sterilization" 
apparatus 10, it will be appreciated that use of an 
arrangeiment including transmitter 136 ultimately can permit 
operation of the sterilization apparatus 10 itself by real- 
time monitoring of processing conditions within the 
apparatus 10 if desired. 

Data collected by the monitoring assembly 120 and 
transferred via the remote communication unit 14 0, as 
illustratively, represented in FIG. 6, is analyzed by the. 
processor 150 to correlate the transferred signals into 
corresponding sterilant concentration levels using a known 
functional relation stored in the processor 150. This known 
relation can be programmed as a numeric formula, or 
established' through the acquisition of sufficient 
experimental test data' points at known test conditions. A" 
variety of suitable remote communication units may be used, 
such as that of the THERMO^DOT system available from Stock 
America, Inc. of Milwaukee, Wisconsin. Similarly, exemplary 
processors include any of a variety of personal computers 
and compatible data analysis software, such as that provided 
by DATATRACE, Inc. for use in conjunction with its sensors 
as modified to correlate the collected data with 
corresponding sterilant levels. Once processed, this 
information can be further analyzed, displayed, printed, or 
otherwise used as desired. 
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Alternatively, or additionally, the sterilant 

I 

monitoring assembly 120 itself can include an on-board 
processor in 'the form of a chip or circuit to correlate the i 
collected data into corresponding sterilant levels for 
subsequent storage in the memory 132 and/or for data, 
transfer to the remote communication unit 140. The 
processor chip is preprogramed with the appropriate 
correlation using a known functional relation. As with the 
remote processor, this known relation can be programmed as a 
numeric formula, or establiished through the acquisition of 
sufficient experimental test data points at known test 
conditions. The processor chip of circuit is further 
configured to generate and transmit corresponding signals 
for storage or transfer. The processor chip can be formed 
integral with, the data collection circuit, as embodied i 
herein, or provided separately. An example of a suitable 
processor circuit includes the EPAC™ electrically 
programmable analog circuit. Model No. IMP50E10C, available 
from Digi-Key Corporation of Thief River Falls, MN, as. 
modified accordingly, although alternatives are available. 

It will be apparent to those skilled in the ar-t • 
that various modifications and variations can be made in the 
method and system of the present invention without departing 
from the spirit or scope of the invention. Thus, it is 
intended that the present invention include modifications 
and variations that are within the scope of the appended 
claims and their equivalents. Furthermore, the technical 
descriptions provided regarding the theory of operation are 
for purpose of explanation and not limitation. 
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CLAIMS 

what Is Claimed Is: ■ . , 

1. A sterilan.t monitoring assembly for a 
sterilization apparatus using a sterilant, the sterilant 
monitoring assembly comprising: 

a sterilant sensor configured to provide output 

signals corresponding to detected leyels of the sterilant; 
I M 

a data collection circuit operatively coupled to 
said stferilant sensor to receive- the output signals from 
said sterilant sensor as collected data; and 

a power source to provide electrical power to said 
sterilant sensor and said data collection , circuit ; 

wherein the sterilant sensor, the data collection 
circuit. and the power source are self-contained on a 
portable structure so as to be freely positionable proximate 
the sterilization apparatus to monitor levels of the 
sterilant thereat. 

2. A sterilant monitoring assembly in accordance with 
claim 1, wherein the data collection circuit includes an 
electronic memory to create a readable me.mpry of the data — ■ 
collected during a selected time interval, and a signal 
connector to allow transfer of signals representative .of the 
collected data from said electronic memory to a remote 
communication unit in communication with the signal 
connector. 

3 . A sterilant monitoring assembly in accordance with 
claim 1, wherein the data collection circuit includes a 
transmitter to transmit signals representative of the 
collected data to a remote communication unit. 
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4. A sterilant monitoring assembly in accordance with 
claim 1, further including a temperaturei sensor operatively 
coupled to the data collection circuit to provide output i 
signals' corresponding to the ambient temperature proximate 
the sterilant sensor for collection in combination with the 
output signals from said sterilant sensor. 

5. A sterilant monitoring assembly in accordance with 
claim 1, wherein: , 

said sterilant sensor includes a gas-detecting 
semiconductor element and a heater to elevate the 
temperature of the gas-detecting semiconductor element. 

6. A sterilant monitoring assembly in accordance with 
claim 1, further comprising a control system provided on ithe 
portable system and in communication with the power source 
to allow the power source to be activated remotely. 

7. A sterilant monitoring assembly in accordance with 
claim 1, wheirein 

said sterilant is hydrogen peroxide (H2O2) vapor, 
said sterilant sensor providing output signals corresponding 
to detected levels of H2O2 vapor, 

8. A sterilant monitoring assembly in accordance with 
claim 1, further including: 

a carrier element configured as an article to be 
sterilized by the sterilization apparatus, said portable 
structure being positionable on said carrier element during 
sterilization by the sterilization apparatus to monitor a 
sterilization cycle to which articles are subjected. 
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9. A hydrogen peroxide (H2O2) vappr monitoring 
assembly for- a sterilization apparatus using H2O2 vapor to 
sterilize articles, the H2O2 vapor monitoring system 
comprising: 

an H2O2 vapor sensor configured to provide output 
signals corresponding to detected levels of H262 vapor, said 
H2O2 vapor sensor including a gas-detecting semiconductor 
elemisnt and a heater to elevate the temperature of said gas- 
detecting semiconductor element; 

a temperature sensor configured to provide output 
signals corresponding to the ambient temperature proximate 
said H2O2 vapor sensor; 

a data collection circuit operatively coupled to . 
said H2O2 vapor sensor and said temperature sensor to receive 
output signals therefrom as collected data; and 

a power source to provide electrical power to said 
H2O2 vapor sensor, said, temperature sensor and said d^ta 
collection circuit; 

wherein the H2O2 vapor sensor, the temperature 
sensor, the data collection circuit and the power source are 
self-contained on a portable structure so as to be freely 
positionable proximate a sterilization apparatus to monitor 
levels of the H2O2 vapor thereat. 

10. An H2O2 vapor monitoring assembly in accordance 
with claim 9, wherein the data collection circuit includes 
an electronic memory to create a readable memory of the data 
collected during a selected time interval and 

a signal connector to allow transfer of signals 
representative of the collected data from said electronic 
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memory to a remote communication unit in communication with 
the signal connector. • , 

I 

11. An HjOj vapor monitoring assembly in accordance . . 
with claim 9, wherein the data collection circuit is j 

configured to perform data collection in accordance with 

I* • * 

selected conditions, the data collection circuit including a 

signal connector to allow entry of selected conditions for 

such dat:a collection, i . ^ 

I 

12 . An H2O2 vapor monitoring assembly in accordance 
with claim 9, wherein the data collection circuit includes a 
transmitter to transmit signals representative of the 
collected data to a remote communication unit . 

13. ■ A method of monitoring levels of sterilant within 
a sterilization apparatus, the method comprising the steps 
of: . 

providing a self-contained sterilant monitoring 
assembly including: 

a sterilant sensor configured to provide an output 
signal corresponding to detected levels of the sterilant, 

a data collection circuit operatively coupled to 
said sterilant sensor to receive the output signal from said 
sterilant sensor as collected data, and 

a power source to provide electrical power to said 
sterilant sensor and said data collection circuit, wherein 
the sterilant sensor, the data collection circuit and the 
power source are self-contained on a portable structure; and 
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positioning said sterilant 'monitoring assembly 
proximate said sterilization apparatus ,to collect data 
representative of sterilant levels thereat; and 

transferring the collected data from the data 
collection circuit to a processor to identify the sterilant 
levels detected by the . sterilant sensor. 

I 

14.. A method of monitoring sterilant in accordance 

with claim 13, wherein.: , 

the data collection circuit of the sterilant . 
monitoring assembly provided by the providing step further 
includes an electronic memory to create a readable memory of 
the data collected during a selected time interval, and a 
signal connector to allow transfer of signals, which are 
representative. of the collected data, from the electronic 
memory to a remote communication unit in communication with 
the signal connector; and 

the method further including the step of removing 
said sterilant monitoring assembly from said sterilization 
apparatus after said selected time interval, the 
transferring step including transferring the col-lected data 
to the processor as signals transferred through the signal 
connector from said electronic memory to the remote 
communication unit after the sterilant monitoring assembly 
has been removed from the sterilization apparatus. 

15. A method of monitoring sterilant in accordance 

with claim 14, wherein the data collection circuit is 
configured to perform data collection in accordance with 
selected conditions, the data collection circuit including a 
signal connector to allow entry of selected conditions for 
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such data' collection; the method further including the step 

I 

of entering selected conditions for such data collection. 

t 

16. A Tneth9d of monitoring sterilant in accordance 
with claim 13, wherein: • 

the sterilant . mohitpring assembly provided by the 

I" • I ' 

providing step further includes a temperature sensor 

operatively coupled to the data collection circuit to 

provide output signals corresponding to ^ the ambient 

temperature proximate the sterilant sensor for collection in 

combination with the output signals from said sterilant 

.sensor; and wherein the transferring step. further includes 

transferring collected data from the data collection circuit 

representative of the detected ambient temperature to the 

processor. . ■ i 

I 

17. A method of monitoring sterilant in accordance 
with claim 13, wherein: 

the data collection circuit of the sterilant. 
monitoring assembly provided by the providing step further 
includes a transmitter to transmit signals representative of 
the collected data to a remote communication unit in 
communication with the processor; and 

further wherein the transferring step includes 
transmitting collected data from the data collection circuit 
to the processor as signals transmitted through the 
transmitter. 



18. A method of monitoring sterilant in accordance 

with claim 13, wherein 
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said sterilization apparatus sterilizes articles 
moved along a conveyor path, said posit^-oning step including 
moving said sterilant monitoring assembly along said 
conveyor path of said sterilization apparatus. 

19. A method of monitoring sterilant in accordance 
with claim 18, wherein: i 

the positioning step includes providing a carrier 
element configured as an article to be st;:erilized by the 
sterilization apparatus, said portable structure being 
placed on said carrier element; and 

loading the carrier element on the conveyor path 
as an article to be sterilized by the sterilization 
apparatus. 

20. A method of monitoring sterilant in accordance 
with claim 13, wherein: 

said sterilant includes hydrogen peroxide (HjOj) 
vapor, said sterilant sensor providing output signals 
corresponding to detected levels of the HjOj vapor. 
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